A group of polypeptides, called atrial natriuretic peptides ( ANP) , possess important natriuretic, diuretic and vasorelaxant activities (1) (2) . It has been demonstrated that these hormones are able to influence both adrenal and testicular steroidogenesis (1, 3, 4) . ANP has been shown to stimulate testosterone production in isolated mouse and rat Leydig cells (3, (5) (6) (7) . Evidence of specific ANP binding in isolated adult rat Leydig cells suggested that these hormones activate specific receptors (8) . Further studies, using the 125I-ANP radioreceptor methods, confirmed this hypothesis (9, 10) . Experimental results on cultured murine and rat Leydig cells demonstrated that ANP increases cyclic GMP levels, inducing a selective activation of particulate guanylate cyclase (6, 11, 12) . Later , it has been observed that cGMP is able to stimulate testosterone production in murine and rat Leydig cells, suggesting that this nucleotide is involved as a second messenger in the steroidogenic effect of rat atriopeptin II (rAP-II) (13) . It is unknown whether other signal transduction pathways are involved in the ANPmediated stimulation of testicular steroidogenesis. It is well known that calcium ions play an important role in the control of Leydig cell steroidogenesis: (a) low concen¬ trations of calcium and/or calcium-free media reduce both basal and hCG-stimulated testosterone production (14) ; (b) calmodulin antagonists and calcium channelblocker drugs exert an inhibitory effect on testicular steroidogenesis (15, 16) ; (c) the role of the calcium ions has been clearly ascertained in the mechanisms by which GnRH agonists influence gonadal steroid produc¬ tion (17) . The aim of the present study is 
Hormone measurements
Testosterone was determined by the RIA method, using 3H-testosterone (Radim, Rome, Italy), as previously described (22) . The (Fig. 3) . In the presence of calcium channel blocker, verapamil, rAP-II-stimulated and hCG-stimulated testosterone production were inhibited in a dosedependent manner. Verapamil had no effect on GnRHinduced testosterone production (Fig. 4) •"SO 
Cyclic nucleotides and steroidogenesis
The effects of rAP-II and hCG on cGMP and cAMP production, respectively, are summarized in Fig. 6 . rAP-II significantly increased cGMP production at the dose of 10 "n mol/1, reaching its maximal stimulatory effect at the dose of 10~9 mol/1, without modifying, at any dose, cAMP production. The effects of 8Br-cAMP and 8Br-GMP on testosterone production are summarized in Fig.  7 . Both these cyclic nucleotides increased rat Leydig steroidogenesis, showing an equivalent stimulatory effect of that induced with hCG and rAP-II respectively. Only high doses of 8Br-cGMP (20 mmol/1) were able to reach the comparable stimulatory effect of 8Br-cAMP obtained at the doses ranging from 1.0 to 5.0 mmol/1. The addition of calcium channel blocker, verapamil, inhibited both 8Br-cAMP-stimulated and 8Br-cGMPstimulated gonadal steroid production (Fig. 7) . The effects of Ca++-free medium, A-23187, verapamil with or without ionophore and GnRH, respectively, on 8Br-cAMP-induced and 8Br-cGMP-induced testosterone pro¬ duction are reported in Fig. 8 tional stimulatory effect on testosterone production (Fig.  8 ).
Discussion
The results obtained in this study confirm our previous data showing that rAP-II exerted a stimulatory effect on isolated adult rat Leydig cells (7, 8) . This peptide reached its maximal activity at low doses (10 ' ' mol/1), compar¬ able with the rat serum physiological concentrations (1) . At higher doses, over 10~9 mol/1, the stimulatory effects of rAP-II strongly declined, probably owing to a direct (8) (9) (10) and in spite of the ability of ANP to stimulate cGMP production in these cells, Mukhopadhyay and co-workers (13) did not observe any effect on testosterone secretion. The absence of steroidogenic response to rAP-II has been justified as due to a low guanylate cyclase activity in these cells (13 (26) . In fact, cAMP itself is able to induce a transmembrane calcium flux, probably by the phosphorylation of the plasma membrane calcium channels through the action of a cAMP-dependent protein kinase (27, 28) . The reduction of the steroidoge¬ nic effect of 8Br-cAMP in the presence of verapamil, observed in our study, is in agreement with these observations.
The putative second messenger of rAP-II signal transduction is cGMP and the steroidogenic effect of 8Br-cGMP further supports this assertion. Nevertheless, we observed that rAP-II at increasing doses exerted different stimulatory effect on testosterone and cGMP production. In fact, the dose inducing the maximal stimulatory effect on testosterone production was about 100-fold lower than that used for cGMP. This phenomenon could be justified by the self-inhibitory effect that rAP-II seems to exert beyond the guanylate cyclase system (7) . The dissociated response between testosterone and cGMP production may also be related to an extra Leydig production of cGMP, even if the highly purified Leydig cell population (over 90%) should exclude this possibi¬ lity.
The mechanisms by which cGMP influences rat Leydig cell steroidogenesis seems calcium-mediated, as well as cAMP. In fact, the steroidogenic effect of 8Br-cGMP was blunted in the presence of verapamil, and the calcium ionophore A-23187 was able to counteract the inhibitory effect of verapamil. (29) . It has been suggested that the effects of cGMP in rat Leydig cells may be due to an aspecific activation of a cAMP-dependent protein kinase (13) , but this effect has been observed only at high concentrations (30) . Our 
